Exogenous nitric oxide regulates IFN-gamma plus lipopolysaccharide-induced nitric oxide synthase expression in mouse macrophages.
This study was performed to determine the effects of nitric oxide (NO) on the expression of inducible NO synthase (iNOS) in mouse macrophages. We used the NO donor diethylamine dinitric oxide (DEA/NO) and the mouse macrophage cell line ANA-1 in these experiments. ANA-1 macrophages did not express iNOS mRNA either constitutively or following exposure to 100 U/ml IFN-gamma alone, to 10 ng/ml LPS alone, or to 200 microM DEA/NO alone. Similarly, ANA-1 macrophages did not express detectable levels of iNOS mRNA following treatment with 100 U/ml IFN-gamma plus 200 microM DEA/NO. However, IFN-gamma (100 U/ml) plus LPS (10 ng/ml) induced high levels of iNOS mRNA in ANA-1 macrophages after 6 h. Low concentrations of DEA/NO (approximately 1 to 12 microM) caused up to a 2.5-fold augmentation of IFN-gamma plus LPS-induced iNOS mRNA expression. In contrast, 200 microM DEA/NO suppressed IFN-gamma plus LPS-induced iNOS mRNA expression (60% decrease). The effects of DEA/NO were gene-specific because DEA/NO did not affect the IFN-gamma plus LPS-induced expression of TNF-alpha mRNA. Moreover, the biphasic effects of DEA/NO were specifically due to released NO. Diethylamine and nitrite were unable to regulate IFN-gamma plus LPS-induced gene expression in ANA-1 macrophages. Time-response experiments suggested that the effects of NO were short-lived and occurred early during the induction of iNOS gene expression. The effects of NO were not limited to iNOS mRNA expression but were apparent at the level of iNOS protein expression and enzymatic activity. Overall, these results suggest that NO has immunoregulatory effects and may control the extent and duration of cytokine- and/or endotoxin-induced iNOS expression in macrophages.